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Abstract

We investigate how high seas closure will affect the availability of commonly consumed food
fish in 46 fish reliant, and/or low income countries. Domestic consumption of straddling fish
species (fish that would be affected by high seas closure) occurred in 54% of the assessed
countries. The majority (70%) of countries were projected to experience net catch gains
following high seas closure. However, countries with projected catch gains and that also
consumed the straddling fish species domestically made up only 37% of the assessed coun-
tries. In contrast, much fewer countries (25%) were projected to incur net losses from high
seas closure, and of these, straddling species were used domestically in less than half
(45%) of the countries. Our findings suggest that, given the current consumption patterns of
straddling species, high seas closure may only directly benefit the supply of domestically
consumed food fish in a small number of fish reliant and/or low income countries. In particu-
lar, it may not have a substantial impact on improving domestic fish supply in countries with
the greatest need for improved access to affordable fish, as only one third of this group used
straddling fish species domestically. Also, food security in countries with projected net catch
gains but where straddling fish species are not consumed domestically may still benefit indi-
rectly via economic activities arising from the increased availability of non-domestically con-
sumed straddling fish species following high seas closure. Consequently, this study
suggests that high seas closure can potentially improve marine resource sustainability as
well as contribute to human well-being in some of the poorest and most fish dependent
countries worldwide. However, caution is required because high seas closure may also neg-
atively affect fish availability in countries that are already impoverished and fish insecure.

Introduction

Food security, as defined at the 1996 World Food Summit, exists when “all people, at all times,
have physical and economic access to sufficient, safe and nutritious food that meets their die-
tary needs and food preferences for an active and healthy life”. Feeding the world’s expected
population of 9 billion people by 2050 is a pressing global issue [1]. Despite progress in
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reducing hunger over the past decade, around 795 million people remain undernourished in
2015, with the situation being more pronounced in Southern Asia and Sub-Saharan Africa
[2,3]. Against this backdrop, several authors have recently stressed the need to consider the
role fish can play in contributing to securing food and nutritional security for the world’s
growing population [1,4].

Currently, fisheries and aquaculture provide up to 3 billion people with almost 20% of their
average per capita animal protein intake [5]. Due to the affordability of fish relative to other
protein sources, it is especially crucial for the food and nutritional security of coastal commu-
nities in poor, low development countries. In fact, almost three-quarters of countries where
fish is an important source of protein (defined here as contributing to more than one-third of
total animal protein supply) are low-income, food deficient countries [6]. Moreover, fish is
also part of the staple diet for people in some developed countries. Yet, the food security for
some of the world’s poorest populations is threatened by the current degraded state of global
fisheries, and the situation is expected to be amplified by the impacts of future climate and
socio-economic change [7].

The sustainability of high seas fisheries is of concern because of increasing fishing pressure,
inadequate management, and the tendency for deep sea fishes to have long lived life histories
which make them vulnerable to overfishing [8,9]. Some high seas species, especially commer-
cially important tunas and billfishes, forage both in the high seas and Exclusive Economic
Zones (EEZs) of coastal nations. Overexploitation of high seas fish stocks can therefore affect
the availability of fish in countries’ EEZs. Recent proposals to close the high seas to fishing
have indicated that this may be beneficial for the rebuilding of fish biomass, increase the quan-
tity and improve the distributional equality in global fisheries catch, and increase the resilience
of fish stocks to climate change [10-12]. For instance, Sumaila et al. [11] found that biomass
spillover from closing the high seas would benefit the domestic fisheries in 120 maritime coun-
tries under a scenario in which post high seas closure catches increased by 42%. At the same
time, it would result in net losses for 65 countries, particularly those which specialise in fishing
the high seas, such as Japan, China, and Spain.

Although prior research has identified winners and losers from closing the high seas, how
this closure will impact food security for the poorest and most fish dependent countries is not
clear. As such, this paper aims to answer the research question: How will high seas closure
affect the availability of domestically consumed fish in fish reliant, low income countries? Our
approach is to first identify which countries will be positively and negatively affected by high
seas closure. Then, we assess whether the effect of high seas closure will impact upon locally
consumed food fish. While there are four dimensions to food security—food availability, eco-
nomic and physical access to food, stability over time, and food utilization [13], we focus on
the availability aspect of food security in this study.

Methods

Projected changes in catch of straddling fish taxa due to high seas
closure

Spillover of fish biomass from high seas closure is expected to affect the catch of straddling fish
taxa (i.e., fish species which straddle the border between each country’s Exclusive Economic
Zone (EEZ) and the high seas) in coastal countries [11]. In a previous study, Sumaila et al. [11]
projected changes in global fisheries catch under five scenarios of increase in straddling taxa
catch within EEZs (10%, 18%, 20%, 42%, and 70% increases) following high seas closure to
fishing. In this study, we leave out the extreme scenarios (10% and 70%), which were used for
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sensitivity analysis, and choose to focus on the mid-range scenarios of 20% and 42% projected
increase in straddling taxa catch (we leave out 18% due to its proximity to 20%).

The results from Sumaila et al. [11] did not identify the fish taxa or groups associated with
predicted changes in catch at the country level. High seas closure is expected to positively affect
the biomass of straddling fish stocks. Therefore, we assume that positive changes in catch
resulting from high seas closure relate to the catch of straddling stocks. A list of straddling fish
taxa caught by coastal countries globally was provided by [14], which is used as the basis for
this analysis.

Fish Dependency

The majority of countries which are highly dependent on fish for protein are low-income, fish
deficient countries [6]; therefore, this study focuses on two groups of countries: 1) countries
that are highly fish dependent; and 2) low-income, least developed countries (LDCs). Data for
determining the fish dependency of countries was obtained from [6] and the Food and Agri-
culture Organization of the United Nations (FAO) Statistics Division (FAOSTAT, http://
faostat3.fao.org), which provides data on the quantity of animal protein supply (g/capita/day)
from different sources, including fish, seafood, and meat. Following [6], we calculated fish
dependency as the percentage of fish and seafood out of total animal protein supply. Countries
with fish dependency of more than 30% were identified as high fish dependent countries
(HFDC:s). The United Nations categorises 43 nations, included those that are land-locked, as
‘least developed”. In this study we only include the 32 maritime countries for which predicted
catch and landed values from high seas closure were available from the study by [11].

Benefits from high seas closure

We defined two types of benefits arising from high seas closure. First, countries could benefit
directly through an increase in the supply of fish to the local population. This would occur if
projected catch gains following high seas closure consisted of the same type of fish that are
commonly consumed by local populations. Second, indirect food security benefits could still
arise if the projected catch gains involved species that are not consumed domestically but are
used for trade or other purposes; these economic activities would, in principle, contribute to
the revenues of citizens and national governments, which would allow for improved economic
opportunities for local populations, thereby providing them with income necessary for pur-
chasing food. Importantly, we assume that fisheries within each EEZ are managed well,
thereby enabling the benefits from high seas closure to be realised.

Direct benefit—Domestic consumption of straddling fish taxa. We assessed whether
projected changes in fish catch following a high seas closure involved the same type of fish
that are consumed by the local population, or whether changes consisted of fish species that
are primarily exported or targeted by foreign fishing vessels fishing within the country’s EEZ.
To determine this, catches of straddling fish taxa from each of the assessed countries were
extracted from the Sea Around Us catch database (www.seaaroundus.org) for 2006, which was
the most recent year for which data was available at the time of the analysis by [14]. We then
reviewed the literature, both primary and grey, to identify the main uses of straddling fish taxa
in each country. High seas closure was determined to have a direct impact on domestic food
supply, and hence food security, if the straddling species was a fish that was commonly con-
sumed by the local population. Likewise, the direct impact of high seas closure was assumed to
be minimal if the straddling species was predominantly used for export, or caught by foreign
fishing fleets.
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By fish supply, we refer to the country’s annual fisheries catch. We acknowledge that the
nature of each country’s fish marketing chain will affect the final amount of fish made available
to the local population; however, it is beyond the scope of this paper to account for differing
market systems. As such, we assumed that for each country, catches of species that are com-
monly consumed food fish by the local population will mainly be used domestically. Note that
this does not assume that the same fish species may not be used for export or other purposes.

An exception was made for the case of tunas in the Pacific Island Countries and Territories
(PICTs). Nearshore pelagics make up between 20-30% of the total coastal fishery catches of
the 6 PICT's analysed in this study, although tuna dominates the nearshore pelagic catch only
in Kiribati [15]. These coastal fisheries take only a tiny fraction of the regional catch of skipjack
and yellowfin tuna, the vast majority of which are targeted by industrial fisheries fishing off-
shore [16,17], and which do not contribute to the domestic fish supply of PICTs [18]. Further,
fish and invertebrates from reefs, mangroves, and other nearshore habitats dominate the catch
targeted for subsistence [16,19]. Therefore, although consumed domestically, we treat the
catches of tunas and other large pelagics in PICTs as industrial fisheries targeted for export,
and not for domestic consumption.

Indirect benefit-Economic value of projected catch. Countries where straddling taxa
are not consumed domestically could still potentially obtain food security benefits indirectly
through increases in economic activity and household incomes arising from projected
increases in fisheries catch, thereby improving the ability for people to purchase food. To cap-
ture this effect, we used economic and income multipliers estimated by [20]. These multipliers
reflect the impact a change in fisheries output will have on fisheries related economic activities
and the household income of fishery workers, and were estimated for all maritime countries
globally. Projected percentage changes in landed value relative to the status quo were taken
from [11] for each of the two high seas catch scenarios. We estimated the economic and house-
hold income effect associated with projected increases in landed value as follows:

Income effect: LV% x income multiplier;
Economic effect: LV% x economic multiplier;

Where LV% is the projected change in landed value under each catch gain scenario [11],
and income and economic multipliers were taken from [20]. We used the calculated income
and economic effect as an indicator of the indirect food security benefits arising from high
seas closure for countries which did not benefit directly in terms of an increase in domestically
consumed fish.

Mitigating losses from high seas closure

Mitigating direct loss in fish catch— Alternative fish (i.e. non-straddling taxa) and non-
fish food sources. A concern for countries with projected catch losses arising from high seas
closure is whether alternative fish and non-fish food sources are available in the event of
decreased supply of straddling fish species. Alternative fish sources include inland, freshwater,
or reef fisheries, or aquaculture. Agriculture could also compensate for the shortfall in fish sup-
ply, notwithstanding the difference in nutrients obtained. The availability of food safety pro-
grammes, such as those operated by food aid agencies or national governments, could also
mitigate the fish supply shortfall. Further, high levels of adaptive capacity, which encompasses
human capital, governance effectiveness, and social capital, may indicate a better ability to
carry out planned adaptation to future shocks and changes [7], such as changes in food supply.

To investigate the potential for countries to mitigate the impact of decreased straddling fish
taxa supply, we reviewed the literature to document the presence of mitigating factors and
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indicators in 21 countries projected to experience net catch losses under the various scenarios.
We undertook a qualitative comparison, assuming that a higher presence of the 7 factors listed
below represented a better opportunity for the country to cope with the impact of decreased
straddling fish taxa supply:

1. Aquaculture;
2. Inland fisheries;
3. Reef and coastal fisheries;

4. Food safety net programmes-this indicator measures the presence of public initiatives pro-
vided by non-governmental organisations (NGOs), government or other multilateral agen-
cies to protect the poor from shocks to food supply for the year 2015. It is a qualitative score
provided by the Global Food Security Index (foodsecurityindex.eiu.com). 0 = minimal pro-
grammes run only by NGOs or multilateral agencies; 1 = moderate presence of pro-
grammes run mainly by NGOs or multilateral agencies; 2 = moderate prevalence and depth
of programmes run by the government, multilateral agencies, or NGOs; 3 = national cover-
age with very broad but not deep coverage of programmes run mainly by government with
some reliance on NGO or multilateral agency support; 4 = presence of national government
run programmes, with minimal support required by NGOs or multilaterals;

5. National level of adaptive capacity obtained from [7];

6. Percentage of agricultural land that is equipped for irrigation for the year 2011- this is an
indicator of a country’s exposure to food supply shock [13], and was obtained from FAO-
STAT (http://faostat3.fao.org);

7. Livelihood diversification by fishers—-we documented whether, in general, fishers in the
respective countries also engaged in other food producing activities, such as farming or live-
stock rearing. Having a diversified livelihood acts as a buffer which enables households to
grow or buy food in the event of external environmental or socio-economic shocks.

The presence of alternate food sources may not be able to supplement or make up for
decreased straddling fish supply if those food systems are themselves under pressure to fulfil
national food security demands. To account for this, we used the Global Food Security Index
(GFSI) to gauge a country’s general food security status. The GFSI (www.foodsecurityindex.
eiu.com) score for each country incorporates three dimensions of food security: affordability,
availability, and quality, and ranged from 0 (low) to 100 (high food security).

Indirect mitigating factors—Income equality and governance effectiveness. In addition
to obtaining alternative sources of food, coastal communities in countries projected to experi-
ence losses in catch may still be able to secure sufficient food if there is a conducive economic
environment which enables them to improve their incomes for buying or accessing food (i.e.,
there is a trickle down effect from national governments to local communities), or national
governments provide the appropriate support and investment for enhancing food security
[13]. To account for this, we looked at two national level indicators:

1. Gini coefficient: this is an indicator of income equality within a country (0 = perfect equal-
ity, 1 = perfect inequality). Income inequality decreases the ability of poor households to
stay healthy and to move out of poverty because it hampers their ability to accumulate
human and physical capital [21]. As such, we expect that opportunities for coastal commu-
nities in a country with a low Gini coefficient may be relatively better in terms of receiving
economic and/or food security support and services from national governments compared
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to a country where the Gini coefficient is high. Global Gini coefficient data represented by a
Gini index was obtained from the World Bank World Development Indicators [22].

2. Governance: Good governance is key to food security [5]. The Global Governance Index
developed by the World Bank provides a score for six different aspects of governance,
including voice of accountability, political stability, government effectiveness, regulatory
quality, rule of law, and control of corruption [23]. Data for these indicators were obtained
from the World Bank (http://info.worldbank.org/governance/wgi) for the year 2014. Of
these, we chose 3 of the most relevant governance aspects that might affect the ability of
local communities to obtain the necessary support to improve their food security situation.
These included:

a. Government effectiveness—indicates the quality of public services, the quality of civil ser-
vice and its independence from political interference, quality of policy formulation and
implementation, and the credibility of governments’ commitments to such policies [23].

b. Control of corruption-captures the extent to which public power is used for private
gain, as well as “capture” of the state by elites and private interests [23].

c. Political stability—captures the likelihood that the government will be destabilised by
unconstitutional means [23].

Results and Discussion
Fish Dependency

The contribution of fish to total animal protein supply for the 46 countries included in the
present analysis is summarised in Table 1. Note that data from [24], [25] and [26] were used
for PICTs and African countries for which fish protein contribution was not available from
FAO and [6]. The top 10 fish dependent countries are located in South and Southeast Asia,
West Africa, or are island nations in the Western Pacific and Indian Oceans. Of the 32 least
developed countries (LDCs), 18 were also considered to be high fish dependent countries, and
are hereafter referred to as high fish dependent LDCs (HFDLDCs). Among LDCs, Sierra
Leone had the highest fish dependency (76%), while others, mainly in Africa, had minimal fish
dependency. Despite the low fish consumption rates in some of these countries, national gov-
ernments are trying to promote fish as an alternative protein source in countries such as Eri-
trea, thereby reiterating the importance of fish for future food security.

Direct food security benefit from high seas closure—Domestic use of
straddling fish taxa

Breakdown by country groups. Twenty-six (56%) of the assessed countries used strad-
dling species for domestic consumption (Fig 1). Seventy-one percent of HFDCs made use of
straddling species locally, compared to 39% of highly fish dependent LDCs (HFDLDCs) and
64% of LDCs. This indicates that high seas closure may have the largest effect on domestic fish
supply in HFDC:s.

Projected net catch gains and losses. Seventy percent of assessed countries were pro-
jected to experience net catch gains under both scenarios, with average increases ranging from
13-31% relative to the status quo. Of these countries, slightly above half (56%) used straddling
taxa locally. Another 24% of assessed countries had projected losses under both scenarios, with
average decreases ranging from -53 to -47% relative to the status quo. Fourty-five percent of
these countries used straddling taxa locally. Therefore, high seas closure was projected to have
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Table 1. Contribution (%) of fish to total animal protein supply and domestic use of straddling fish taxa in Least Developed Countries (LDC), High
Fish Dependent countries (HFDC), and High Fish Dependent LDCs (HFDLDC). Countries are listed in order of fish dependency.

Country Fish protein % LDC HFDC HFDLDC Domestic use of straddling fish taxa
Solomon Islands’ 92 v *
Kiribati' 84 v *
Maldives 76 V4 V4
Sierra Leone 76 v/
Tuvalu’ 71 v *
Cambodia 65 V4
Equatorial Guinea® 62 v v
Comoros 57 vV v
Vanuatu' 56 v *
Bangladesh 56 v v
Indonesia 53 v v
Gambia 49 v v
Sao Tome Principe 48 V4
Seychelles 48 V4
Sri Lanka 44 V4 V4
Senegal 44 V4
Japan 43 v/ v/
Togo 43 V4
Philippines 43 v/ v/
Myanmar 42 v
Korea Rep 38 Vv Vv
Thailand 38 v v/
Malaysia 37 V4 V4
Mozambique 37 Vv
Cameroon 36 v v
Vietnam 34 V4
Cote d’lvoire 35 V4 V4
Benin 35 V4 v/
Nigeria 35 v/
Guinea 33 v/ v/
Fiji 32 v *
Congo Dem Rep? 31 v v
Samoa 25 v *
Angola 25 Vv Vv
Tanzania 24 v v
Madagascar 16 V4 V4
Haiti 12 Vv
Mauritania 10 4 V4
Yemen 7 4 V4
Timor Leste 7 4
Liberia 6 v/ v/
Djibouti 4 v v
Guinea Bissau 4 Vv
Somalia 3 Vv Vi
Sudan <1 v

(Continued)
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Table 1. (Continued)

Country

Fish protein % LDC

HFDC

HFDLDC Domestic use of straddling fish taxa

Eritrea®

<1 \/

v

1 Source: [24].
2 Source: [25].

3 No data in FAOSTAT. Fish plays a very minor role in the national diet (citation removed). Therefore we assigned Eritrea a fish protein % that was equal to
the lowest percentage of all assessed countries (<1% for Sudan).
* Straddling taxa (i.e., tunas) are not treated as being used for domestic consumption because a much larger quantity of tunas is taken by industrial fleets,
relative to local coastal fisheries. The industrial catch does not contribute to local fish supply in the PICTs.

doi:10.1371/journal.pone.0168529.t001

No. of countries

30
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15

10

a relatively more positive than negative impact on low income fish dependent countries

because the number of countries projected to gain from high seas closure was larger than those
projected to lose. However, it is noted that the magnitude of projected losses in catch exceeded
the projected gains. In addition, more than half the countries projected to experience losses
were classified as least developed countries, making the projected negative impact particularly

damaging to the already impoverished state of these countries.

Across both scenarios, 55-60% of those countries projected to gain would potentially see a
benefit in terms of local fish availability (Table 2). When considered among all 46 assessed

LDC

Domestic consumption

No Domestic Consumption

Fig 1. Total number of countries that use straddling species for domestic consumption, broken down according to least developed (LDC), high

fish dependent (HFDC), and high fish dependent LDCs (HFDLDC).

doi:10.1371/journal.pone.0168529.9001
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Table 2. Number of countries with projected gains and losses under each high seas catch scenario,
and the corresponding number of countries which consume straddling fish taxa domestically
(denoted by No. domestic use).

Scenario (% increase in straddling taxa catch)

20% 42%
Gain Loss Gain Loss
No. countries 32 14 35 11
No. domestic use 18 8 21 5
% Domestic use/total assessed countries 39 17 46 11

doi:10.1371/journal.pone.0168529.t002

countries, about 40% (39-46%) of the countries would potentially benefit from increased local
fish availability. Among the countries projected to lose from high seas closure, the proportion
that relied on straddling taxa domestically ranged from 45% to 57%. As a percentage of all
assessed countries, 11% to 17% of countries, depending on scenario, would potentially see
local fish availability decline due to high seas closure.

An increase of at least 18% in catch of straddling taxa following a high seas closure was
expected to result in net gains in global catch relative to the status quo [11]. However, when
considering all fish dependent and low income countries as a group, we find that on average,
these countries would collectively experience net gains in catch (relative to the status quo) only
under the scenario of 42% catch gain following high seas closure (Fig 2).

30 -

25
- 20 A 42%
o increase
3 15
£ 20%
g 104 increase
= -
] 5 4
[3]
o
[~}
bl 0
9
3 5
o
s
o -10 A 1
4
a -15 -
>
<

_20 o

_25 i

HFDC HFDLDC LDC

Fig 2. Average projected % change in catch (standard error) for Least Developed Countries (LDCs), High Fish Dependent Countries
(HFDCs), and High Fish Dependent LDCs (HFDLDCs) under 2 scenarios of catch gains following high seas closure.

doi:10.1371/journal.pone.0168529.g002
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On average, countries where straddling taxa were not consumed locally were projected to
experience a net loss of -6% and gain of 11% in catch relative to the status quo under the 20%
and 42% scenarios, respectively. This was fairly similar to countries which used straddling taxa
locally, for which projected changes in catch were -3% and 10% relative to the status quo
under the 20% and 42% scenarios, respectively (S1 Table).

Under the 42% catch increase scenario, projected changes in catch relative to the status quo
were not high. Among countries which used straddling taxa domestically, average net catch
gains of 14% were projected for LDCs, while similarly minimal gains of 8% and 7% was pro-
jected for HFDCs and highly fish dependent LDCs, respectively. Among countries that did not
consume straddling taxa domestically, HFDLDCs and LDCs were projected to experience
average net gains of 18% and 14%, respectively, whereas HFDCs were projected to experience
an average net loss of 11%. While countries that do not consume straddling taxa domestically
may not directly benefit from high seas closure, the projected changes in catch may still indi-
rectly affect food security via the economic impact on local communities through the increase
in secondary and tertiary activities and services, e.g., processing [20].

Least Developed Countries (LDCs). About sixty percent (64%) of LDCs made use of
straddling taxa locally. The majority (79%) of LDCs were projected to experience net gains
across both 20% and 42% catch gain scenarios, with average increases of 15% and 32% relative
to the status quo, respectively. Of these countries, 80% used straddling taxa domestically.
Samoa, Tanzania, and Yemen were the three LDCS with the highest projected losses across
both scenarios, with an average of -54% and -49% loss relative to the status quo under the 20%
and 42% scenarios, respectively. Although projected losses are very high for Samoa (around
-90% relative to the status quo under both scenarios), high seas closure would likely not sub-
stantially affect the supply of domestically consumed fish because the main straddling species
caught is tuna, which is primarily caught offshore by longliners and exported [27]. In contrast,
high seas closure may affect the supply of locally consumed food fish in Tanzania and Yemen
(S2 Table), where straddling taxa such as Indian mackerel, Spanish mackerel, and tunas are
commonly preferred species [28,29].

High Fish Dependent LDCs. Among the 18 HFDLDCs, 7 (39%) used straddling taxa
domestically. Eleven countries were projected to experience net catch gains across both scenar-
ios, with average increases of 17% and 36% under the 20% and 42% catch gain scenarios,
respectively. Five of these countries, mainly located in Africa, consumed straddling fish taxa
locally (Bangladesh, Congo Democratic Republic, Gambia, Guinea, and Equatorial Guinea).
This is a positive sign in terms of fish protein security, given that per capita fish availability has
been decreasing in much of sub-Sahara Africa [30]. The domestically consumed fish species in
these countries were mainly small, low-value species such as herring, sardinella, and Hilsa
shad (Bangladesh) that are affordable for poor rural coastal communities. For this group of
countries, high seas closure could likely increase the availability of important food fish for local
populations. This is also particularly important for supporting the nutritional requirements of
poor populations, as small fish have high nutrient content, e.g., Omega-3, vitamin A, iron,
zinc, and calcium, which can potentially reduce micronutrient and essential fatty acid deficien-
cies among the undernourished [30].

Four HFDLDCs (Comoros, Togo, Kiribati, and Vanuatu) were projected to incur catch
losses across both 20% and 42% scenarios, with average decreases of -43% to -39% relative to
the status quo, respectively. Straddling taxa are not consumed locally in Togo and Vanuatu;
consequently, high seas closure may only affect the availability of domestically consumed fish
in Comoros and Kiribati. While sardinella, which made up about 20% of Comoros’ total strad-
dling taxa catch, is consumed domestically, skipjack tuna, which made up 57% of straddling
taxa catch, is mainly caught by foreign fishing fleets and not landed in Comoros [31].
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Moreover, even though tunas are caught by local artisanal fishers [32], many coastal fishing
communities in Comoros prefer the taste of reef fishes and believe them to be superior to
pelagic species in terms of nutritious value [33].These factors may therefore dampen the pro-
jected impact of high seas closure on local Comoros fish supply.

Two negatively affected HFDLDCs (Kiribati and Vanuatu) are Pacific island states where
the main straddling species are tuna that are primarily caught by foreign fleets or for export.
Although nearshore pelagics make up around 21% of total coastal catches in Kiribati and Van-
uatu [15], small-scale fishing for tuna occurs only in Kiribati, but not Vanuatu [18]. The total
quantity of tunas caught by the foreign fleet dominated industrial fisheries in Kiribati and
Vanuatu far exceed the amount taken by local nearshore fisheries [17,34]. Thus, closing the
high seas may have a proportionately larger effect on tunas caught by foreign fleets within the
EEZs of these 2 PICTs relative to the amount caught for domestic consumption. Further,
demersal reef fish, the bulk of which are caught for subsistence, make up the majority of coastal
fisheries catches in Pacific island states [15]. As such, high seas closure may have a minimal
direct effect on local food security in highly fish dependent LDCs where catches are projected
to fare the worst. However, there may be indirect impacts on food security because access fees
paid by foreign fishing vessels to fish within the EEZs of these countries contribute substan-
tially to national revenues. For instance, fishing access fees totalling USD 47.4 million made up
approximately half of Kiribati’s total government revenue in 2012 [35], and about 25% of its
gross domestic product [17]. Further, increasing the use of offshore tuna stocks to supply local
markets in Pacific islands was identified as a means of adapting to potential climate change
impacts on coral reef fisheries [16,24]. Therefore, the projected loss in tuna catches still poses
an indirect food security concern for the PICTs.

For the remaining highly fish dependent LDCs with projected catch gains, the main strad-
dling species also consisted of tuna and other large pelagics that were primarily exported or
caught by foreign vessels (Table 3). In Cambodia, which is among the countries with highest
projected catch gains and fish dependency, high seas closure may nevertheless not have any
large noticeable effect on local fish supply as the majority of fish consumed in the country is
from inland fisheries [36]. Thus, overall projected increases in catch of straddling taxa from
high seas closure may not substantially increase local fish supply for highly fish dependent
LDCs, which are likely the countries with the most urgent need for an increased supply of fish
as an affordable protein source.

High Fish Dependent Countries (HFDCs). The majority (71%) of HFDCs made use of
straddling taxa domestically. These countries were mainly located in Asia and Africa, with the
remainder located in the Indian and Pacific Oceans (Table 3). With the exception of Japan and
Korea, the other HFDC:s are developing countries which generally have large populations of
rural and poor fishing communities who rely on fish as the major source of food and liveli-
hood. In particular, countries in Southeast Asia, especially the Philippines and Indonesia, and
countries of western Africa, have the highest nutritional dependence on fish and marine eco-
systems [91]. As such, the catch of straddling taxa is paramount to supporting the economic as
well as social well-being in coastal areas of these countries.

Eight HFDCs (Cameroon, Cote d’Ivoire, Indonesia, Maldives, Nigeria, Philippines, Thai-
land, and Vietnam) were projected to experience net gains in catch across both scenarios, with
average projected catch increases of 9% and 26% relative to the status quo under the 20% and
42% scenarios, respectively (53 Table). Among this group, straddling taxa were consumed
domestically in 6 countries, with small pelagics such as sardinellas and scads and skipjack tuna
being the most common straddling species consumed (Table 3).

Another 4 HFDCs were projected to experience catch losses across both 20% and 42%
catch gain scenarios (Fiji, Seychelles, Sri Lanka, and Korea), with losses of -53% to -45%
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Table 3. Summary of main straddling fish taxa caught by each country, and whether the fish taxa are consumed domestically.

Country Country Main straddling taxa’ Domestically Source
Group consumed? (s)
Angola* LDC Sardinella, Cunene horse mackerel, Chub mackerel Yes [37]
Bangladesh* HFDLDC Hilsa shad Yes [38,39]
Benint HFDLDC Little tunny, Swordfish Yes [40]
Cambodia* HFDLDC Marine crabs, Cephalopods No [36]
Cameroon* HFDC Sardinella, Largehead hairtail, Barracudas Yes [41]
Comorost HFDLDC Skipjack tuna, Sardinella Yes [31]
Congo Dem HFDLDC Sardinella Yes [42]
Republic*
Cote d’lvoire* HFDC Skipjack tuna Yes [43]
Djibouti* LDC Jacks and pompanos, Barracuda, Seerfishes Yes [44]
Equatorial Guinea* | HFDLDC Herrings Yes [45]
Eritrea* LDC Barracudas, Sardinellas, Jacks and pompanos, Indian mackerel, Yes [26,46]
Queenfishes, Requiem sharks
Fijit HFDC Albacore, Yellowfin tuna Yes? [47,48]
Gambia* HFDLDC Sardinella Yes [49]
Guinea Bissau* LDC Jacks and pompanos, West African Spanish mackerel, Marine crabs No [50]
Guinea* HFDLDC Sardinella, Jacks Yes [51]
Haiti* LDC Marine crabs Yes [52]
Indonesia* HFDC Skipjack tuna, Goldstripe sardinella, Narrow-barred Spanish mackerel Yes [53]
Japant HFDC Chub mackerel, Japanese anchovy, Skipjack tuna Yes [54]
Kiribatit HFDLDC Skipjack tuna, Jacks and pompanos Yes? [55][15]
Koreat HFDC Skipjack tuna, Flying squid Yes [56,57]
Liberia* LDC Sardinella, Barracudas, Blue butterfish Yes [58]
Madagascar* LDC Narrow-barred Spanish mackerel, Marine crabs Yes [59,60]
Malaysiat HFDC Indian scad, Kawakawa, Torpedo scad, Jacks and pompanos Yes [61]
Maldives* HFDC Skipjack tuna Yes [62,63]
Mauritania* LDC European anchovy, Sardinella, European pilchard, Octopuses Yes [45,64]
Mozambique* HFDLDC Yellowfin tuna, skipjack tuna No [65,66]
Myanmar* HFDLDC No straddling taxa n/a [67]
Nigeria* HFDC Swordfish No [68]
Philippines* HFDC Sardinella, Frigate tuna, Skipjack tuna Yes [69]
Samoat LDC Albacore, Yellowfin tuna, Bigeye tuna Yes? [27,70]
Sao Tome HFDLDC Atlantic sailfish, Little tunny, Swordfish No [71,72]
Principe*
Senegal* HFDLDC Skipjack tuna, Bigeye tuna No [45,73]
Seychellest HFDC Skipjack tuna, Bigeye tuna No [74]
Sierra Leone* HFDLDC Albacore, Bigeye tuna No [75]
Solomon Islands* HFDLDC Skipjack and yellowfin tuna Yes? [76]
Somalia* LDC Cephalopods Yes [77]
Sri Lankat HFDC Skipjack tuna, Trevally Yes [78,79]
Sudan* LDC Spanish mackerel No [80]
Tanzaniat LDC Indian mackerel, Sardinella, Yellowfin tuna, Jacks and pompanos Yes [28,81]
Thailand* HFDC Anchovies, Sardinella, Indian scad Yes [82]
Timor Leste* LDC Yellowfin tuna No [83]
Togot HFDLDC Bigeye tuna No [84,85]
Tuvalu* HFDLDC Skipjack and yellowfin tuna Yes? [86,87]
Vanuatut HFDLDC Skipjack tuna, Albacore No [88]
(Continued)
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Table 3. (Continued)

Country Country
Group

Vietnam* HFDC

Yement LDC

" Source: [14].

Main straddling taxa’ Domestically Source
consumed? (s)

Cephalopods, marine crabs No [89]

Yellowfin tuna, Barracudas, Jacks and pompanos, Indian mackerel, Spanish Yes [29,90]

mackerel, Indian oil sardine

2 Tunas are consumed domestically in these PICTs, but the bulk of tuna catches in the EEZs are taken by industrial fisheries, which do not contribute to
local food security. Consequently, straddling fish taxa are not considered to be used domestically.
* and 1 indicate countries with projected catch gains and losses, respectively, across both scenarios of increase in straddling taxa catch.

doi:10.1371/journal.pone.0168529.t003

relative to the status quo, respectively (S3 Table). Of these countries, straddling taxa were con-
sumed locally in Sri Lanka, Fiji, and Korea. Fiji and Sri Lanka were the HFDCs with highest
projected catch losses, averaging 51% and 43% across both scenarios, respectively. In Fiji, alba-
core and yellowfin tunas are the main straddling species, and albacore is also commonly con-
sumed either fresh or canned among the local population [48]. While high seas closure may
affect the availability of this fish source, the impact on overall fish availability may be minimal
because Fijian coastal communities rely heavily on reef fisheries and gleaning for subsistence
and artisanal purposes [92]. Similarly, both types of straddling species in Sri Lanka-skipjack
tuna and trevally, are consumed locally, accounting for 10% and 5.5% of monthly household
fish consumption, respectively. Therefore, high seas closure may decrease the supply of fish to
local communities, although not by a large extent.

Catch was projected to decrease by around 34% for Korea, where local consumption of sea-
food, including tuna and squid, is high. The negative impact of high seas closure may be offset
to a certain degree in Korea due to its large distant water fleet, as catches from Korea’s distant
water fleet are generally consumed in Korea [57]. However, this depends on how the fishing
grounds of Korea’s distant water fleet will be affected by high seas closure. On the whole, pro-
jected decreases may not have a heavy negative impact on this group of countries.

The most negatively affected HFDC with the highest projected losses but limited domestic
straddling taxa dependence was Seychelles, where the dominant straddling taxa-skipjack
tuna-is primarily caught by foreign fishing fleets and processed for export. Coastal communi-
ties in the Seychelles generally fish on coastal reefs for demersal fish, invertebrates, and near-
shore pelagics for subsistence and to supply local markets [93]. Thus, the negative impact of
high seas closure may not have a large effect on local fish supply, although the projected
decrease in tuna catches may have reverberating economic effects on local communities since
the Indian Ocean Tuna canning factory is the country’s largest single employer [74].

Indirect food security benefits of high seas closure

Fourteen countries with projected catch gains did not consume straddling taxa domestically,
but could potentially improve their food security indirectly through the projected increase in
revenues, incomes and profits generated by straddling taxa. Half of these countries were
located in Africa, with the remainder being Asian, Pacific island, or Caribbean countries
(Table 4). Projected landed value gains for these countries ranged from a low of 2.4% to 24%
relative to the status quo, under the 20% catch gain scenario, and from 10% to 51% under the
42% catch gain scenario (Table 4). More than half (57%) of the countries were highly fish
dependent LDCs (HFDLDCs), and another 29% were LDCs. On the other hand, 42% of the
countries with projected losses did not consume straddling taxa domestically. Most of these
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Table 4. Estimated economic and household income effects arising from projected gains in landed value.

Country

Sierra Leone
Mozambique
Senegal
Sudan

Timor Leste
Nigeria
Guinea Bissau
Sao Tome and
Principe
Myanmar

Haiti
Cambodia
Vietnam
Solomon Is.
Tuvalu

" Source: [11]
2 Source: [20]

Projected % gain in Income Economic Income effect(%LV x Economic effect(% LV x
Landed Value' multiplier? multiplier? multiplier) multiplier)
20% 42% 20% 42% 20% 42%

scenario scenario scenario scenario scenario scenario
2.38 9.94 0.32 0.32 0.76 3.16 0.76 3.16
7.26 27.70 0.74 1.83 5.41 20.64 13.31 50.77
7.28 16.72 0.84 2.21 6.13 14.07 16.09 36.95
10.52 22.30 0.72 2.95 7.55 15.99 31.05 65.80
10.86 23.02 0.59 2.11 6.44 13.64 22.94 48.60
11.36 24.34 0.05 0.28 0.62 1.34 3.22 6.91
12.62 26.80 0.32 1.52 4.00 8.49 19.22 40.81
22.23 47.10 0.77 2.96 17.02 36.06 65.88 139.59
24.05 50.96 0.32 0.85 7.81 16.55 20.42 43.28
24.05 50.96 0.28 1.22 6.85 14.51 29.22 61.93
24.05 50.96 0.54 1.73 12.94 27.43 41.69 88.33
24.05 50.96 0.77 3.47 18.45 39.09 83.38 176.69
24.05 50.96 0.65 3.34 15.57 32.98 80.42 170.40
24.05 50.96 0.65 3.34 15.57 32.99 80.42 170.40

doi:10.1371/journal.pone.0168529.t004

countries were Pacific Island states, and would stand to suffer indirect food security losses,
through the loss in trade of straddling taxa or reductions in fishing access fees.

The economic and income multipliers indicate the impact an increase in fisheries output
will have on fisheries related economic activities and the household income of fishery workers
[20]. Income multipliers for all countries ranged from 0.05 to 0.84, while economic multipliers
ranged from 0.28 to 3.34. This means that, depending on the country, a one dollar increase in
fisheries sector output (measured by landed value) could potentially generate 5 to 84 cents in
household income output, and 28 cents to $3.34 in economic output. Nigeria appears to have
the lowest income effect among the countries considered here, while Vietnam had the highest
(Table 4). This suggests that an increase in fisheries landed value in Vietnam could potentially
result in higher increases in household incomes relative to Nigeria, thereby providing Viet-
namese fishery households with a better opportunity for improving their food security. Simi-
larly, Vietnam also had the highest economic effect, while Sierra Leone had the lowest.

Mitigating food security losses from high seas closure

Alternative sources of fish and non-fish food. High seas closure may adversely affect
domestic fish supply in the 21 countries projected to experience net losses in catch under the 2
scenarios. On the positive side, it appears that all these countries had at least one other type of
fishery that could potentially supplement the decreased catch of straddling fish taxa (Table 5).
Inland and reef fisheries play an important role in providing subsistence catches for rural com-
munities in Africa and the Pacific islands. Freshwater fish is also a crucial source of affordable
protein for lower income groups in developing Asian countries [94]. The prevalence of inland
and reef fisheries in the 21 countries indicates the importance of maintaining the sustainability
of these fisheries resources and habitats in conjunction with marine coastal fisheries manage-
ment, given that inland and reef fisheries are also overexploited where they occur [95-97].
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Table 5. Presence of factors that may potentially dampen the effect of decreased fish supply due to high seas closure in countries projected to
experience net catch losses.

Country Aquaculture |Inland/ Reef Food safety % of Adaptive |Fishing- Global References
freshwater |fisheries® |net agricultural capacity |farming/ Food
fisheries [131] programmet | land equipped livestock Security
for irrigation livelihoods Index
Score™
Benin 4 4 2 0.35 | Very low* |/ 33.5 [40]
Comoros v/ 1% 0.08 | Very low* | /A n/a** [103,104]
Cote d'lvoire | /M V/ 2 0.36 | Verylow |/ 39.2 [105,1086]
Fiji VA v v 2% 0.7 | Low v n/a** [107,108]
Indonesia as Vv Vv 2 12.33 | Low vV 47.7 [109,110]
Japan VM VA 54.24 | High VA 77.9 [99]
Kiribati VA 4 2% 0.31* | Low* VA n/a** [55,111,112]
Korea v M+ VS 4 44.7 | High A 72.1 [98]
Liberia V+ Vv 1% 0.11 | Very low* |/ n/a** [58,113]
Malaysia v+ VA 4 2 4.64 | Moderate |/ 66.8 [114,115]
Mozambique | / VA 4 0.24 | Verylow |/ 31.0 [65,116]
Philippines | /™ 4 4 2 12.95 | Moderate |/ 49.8 [69]
Samoa VA v/ v/ 2% 0.75* | Low* v/ nfa** [70,108,112,117]
Seychelles | /A 4 1* 10 | High** 4 n/a** [118,119]
Sierra Leone | / v 1 0.87 | Verylow |/ 34.5 [120,121]
Sri Lanka V/ v v 2 21.76 | Low VA 52.3 [79,122]
Tanzania Vv vV vV 1 0.49 | Verylow |/ 34.8 [110,123,124]
Thailand VA VM v 3 30.46 | Low** v 58.7 [82,125,126]
Togo N4 v 2 0.19 | Verylow |/ 33.0 [127,128]
Vanuatu Vv Vv v 2% 0.61* | Low v n/a** [88,108,112]
Yemen VA 4 1 2.9 | Verylow |/ 36.1 [129,130]

SReef fisheries are assumed to take place in all countries where coral reefs occur.

T Based on a scale of 1 to 4 with 1 = Low presence, 4 = wide presence. See Methods for full explanation of rankings.

#Source: Global Food Security Index. Countries with no scores available (n/a) are considered to be vulnerable to food insecurity based on for Pacific Island
states, Comoros, and Liberia. Seychelles is considered to be a high income country that faces nutrition insecurity.

" Limited.

" Important contributor to national fisheries production and/or for food security.

* Emphasised for development to satisfy fish demand.

* No data/data deficient from cited source. Ranking is provided based on that of surrounding countries/country group.

** No data from [7]. Ranking is based on [126] for Thailand and [137] for Seychelles.

doi:10.1371/journal.pone.0168529.t005

Japan and Korea, the two developed countries projected to experience catch losses, are
likely the most capable of coping with decreased fish supply because their high wealth and
trading power allows them to turn to international markets to obtain food. Further, although
they have limited inland fisheries, both countries have high food security scores (above 70)
and well developed aquaculture industries that are an important contributor to national pro-
duction and food security [98,99]. With capture fisheries having levelled off globally, aquacul-
ture is widely seen as the option to fill the future demand for fish [1,100], despite the debate
over the environmental sustainability of certain aquaculture systems. However, while aquacul-
ture presently plays a crucial role in providing an affordable source of protein for impover-
ished populations in developing countries of Asia and Africa [100], its expansion in low
income food deficient countries may be limited by energy and technology demands [101]. It
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has also been argued that the nutritional quality of diets would drop if global fish supply
becomes dominated by aquaculture [102].

Reef fisheries were assumed to take place in all countries where coral reefs occur [131]
(Table 5). Places where inland and reef fisheries are most depended upon tend to be in tropical,
developing countries where rapid population growth is occurring. In fact, the future availabil-
ity of reef fish per capita in many Pacific island nations is expected to decrease due to popula-
tion growth, and will be exacerbated by climate effects [15]. Consequently, we emphasise that
the presence of alternative fish and/or food sources does not imply that there will be no prob-
lem when the projected decrease in straddling fish supply occurs. Population growth and other
global change drivers may impede the alternative food sources from making up for the pro-
jected shortfall in straddling fish species supply.

Most of the 21 countries with projected losses (Table 5) are highly fish dependent and/or
least developed countries, where the alternative food sources considered here are already being
used to attain food security. In particular, African countries and island nations either had the
lowest food security scores (less than 40) or were considered to be vulnerable to food insecurity
[132-137] (Table 5), indicating that their food resources are already under stress, and it may
not be possible to increase production in these food sectors. Non-fish alternatives already face
substantial challenges-global crop production has to increase much more from current levels
in order to meet the increased demand from population growth by 2050, and this is exacer-
bated by climate effects on rainfall and temperature [138]. In light of these considerations, it is
important that the effect of global drivers on the potential for alternative food systems to make
a substantial contribution to fish protein supply be taken into account in the context of high
seas management.

Having a diversified livelihood portfolio is a way of increasing households’ resilience to
shocks [139], and a means of reducing hunger and malnutrition for the rural poor [13]. Fishers
in all negatively affected countries participated in diversified livelihoods by simultaneously
engaging in fishing and farming, although farming opportunities for fishers was limited in the
Comoros, Japan, and Korea. Nonetheless, the overall presence of diversified livelihoods in the
affected countries is a positive sign that fishers may still be able to obtain food, albeit of differ-
ent nutritional quality, in the event of decreased fish supply from high seas closure. Bushmeat
is another alternate food source in times of low fish supply [140], but fish is still comparably
cheaper than bushmeat, and thus preferred by the poor [41,141]. It is noted that the literature
on fishers who participate in diversified livelihoods mainly referred to small-scale fishers; thus,
the impact of decreased fish supply may be different for industrial fishers.

At the national level, the proportion of agricultural area that is equipped for irrigation can
be used as an indicator for a country’s exposure to food supply shock [13]. In general, the avail-
ability of irrigated agricultural land in the African countries and Pacific islands considered
here is very low. The prevalence of low irrigation reflects inadequate food production, and the
projected decrease in fish supply may potentially exacerbate demands put on these countries’
already poor agricultural capacity. In particular, the loss of arable agricultural land in Pacific
islands to housing and tourism development has already sparked concern [142]. The frequency
of droughts and tropical cyclones in parts of Africa and the Pacific further impair food produc-
tion [13,142]. In a global context, the irrigated area per person has been decreasing by 1% per
year since 2000, and sources of irrigation water are scarce [143]. Both these factors may con-
tribute to decreased opportunities for securing alternate sources of food in countries projected
to experience net losses in domestically consumed fish due to high seas closure.

The countries with lowest adaptive capacity levels were also concentrated in Africa, where
poor infrastructure, low human capital in many coastal areas, and political stability are among
the factors which channel through food systems and hinder people from obtaining a stable
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Table 6. Summary of Gini coefficient and governance indicators for countries projected to experience net catch losses.

Country Gini index!
Benin
Comoros
Cote d’lvoire
Fiji
Indonesia
Japan
Kiribati
Korea
Liberia
Malaysia
Mozambique
Philippines
Samoa
Seychelles
Sierra Leone
Sri Lanka
Tanzania
Thailand
Togo
Vanuatu
Yemen

38.6
64.3
41.5
42.8
38.1
32.1
37.6
31.3
38.2
46.2
45.7
43.0
42.7
65.8
35.4
36.4
37.6
39.4
39.3
37.2
37.7

Control of corruption? Governance effectiveness? Political stability?
-0.78 -0.50 0.05
-0.53 -1.67 -0.19
-0.41 -0.78 -1.01
-0.03 -0.37 0.48
-0.58 -0.01 -0.37

1.73 1.82 1.02
0.31 -0.58 0.72
0.49 1.18 0.19
-0.78 -1.37 -0.63
0.48 1.14 0.34
-0.70 -0.73 -0.35
-0.44 0.19 -0.70
0.32 0.43 1.15
0.37 0.39 0.42
-0.95 -1.22 -0.22
-0.34 0.09 -0.25
-0.80 -0.64 -0.54
-0.41 0.34 -0.91
-0.92 -1.26 -0.16
0.62 -0.55 0.66
-1.55 -1.41 -2.53

A Gini score of 0 represents perfect equality and 1 represents perfect inequality. Note that we converted the Gini index provided by [22], which initially

ranged from 0-100 to a range of 0—1.

2Scores range from approximately -2.5 to +2.5, with higher values corresponding to better governance.

doi:10.1371/journal.pone.0168529.t006

supply of food [144]. This highlights that improving food security also encompasses overcom-
ing the social, economic, and institutional constraints for coping with external stressors [145]
such as climate change (e.g., drought), conflicts, and disease. In terms of the factors investi-
gated here, it appears that Japan and Korea have the best potential for mitigating the effects of
decreased domestic fish supply due to high seas closure, whereas Comoros and Yemen have
the least opportunity for doing so.

Inequality and governance. Inequitable distribution of resources and poor governance
institutions can create barriers for sustainable food systems and societal well-being, thereby
ultimately affecting food security. In Comoros, the lack of alternate food sources is exacerbated
by high income inequality and poor governance effectiveness, while in Yemen opportunities
for food security may be hampered by high levels of corruption, and poor political stability
and governance effectiveness, relative to all other assessed countries (Table 6). In contrast, the
economic and governance conditions in Japan puts it in a much better position for achieving
food security, as it has the highest levels of income equality and sound governance among the
countries. Compared across countries, income inequality may pose the biggest barrier in Sey-
chelles. Thailand, Cote d’Ivoire, and the Philippines had the highest political instability, which
can potentially restrict the availability and access to food (see the example of Cote d’'Ivoire in
[146]). Poor governance effectiveness may also hamper food security measures in 3 other Afri-
can countries—Liberia, Sierra Leone, and Togo. This amplifies the already poor prospects for
alternate non-fish sources of food in these countries, given that they also have limited agricul-
ture and food safety net programmes (Table 5). In contrast, while Pacific island nations also
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have limited agricultural potential, they generally have more favourable governance conditions
and income equality relative to African countries.

We acknowledge that this qualitative assessment deals primarily with availability of fish,
and does not fully consider the other three dimensions of food security (accessibility, afford-
ability, and utilization). Future research can therefore incorporate other vital factors that deter-
mine who will ultimately benefit from improved food security, e.g., people’s access to
livelihoods in fish value chains and the affordability of fish [1].

Our results are built on the projected impacts of high seas closure on individual coun-
tries’ catches, which may be affected by the underlying model assumptions from [11].
Briefly, these assumptions included: 1) the catch data used were representative of true fish-
eries catches (i.e., insignificant misreporting of straddling taxa); 2) increased catches of
straddling taxa was applied evenly across all EEZs without accounting for geographic and
interspecific variation arising from the accuracy of reported data and the potential spillover
of biomass from closed high seas areas. Both these assumptions could possibly affect the
magnitude of projected changes in catch. For instance, IUU (illegal, unreported, and unreg-
ulated) fishing not captured in catch statistics could result in lower than expected gains of
straddling fish taxa to certain countries. Importantly, we stress that the projected benefits
arising from high seas closure can only be realised if fisheries within each EEZ are them-
selves managed well. The outcomes presented here are also subject to climate effects on the
spatial and biological behaviour of straddling fish taxa, which were not accounted for in the
underlying model. However, recent research suggests that closing the high seas to fishing or
managing its fisheries cooperatively could increase catches in EEZs by around 10% by 2050
under 2 climate change scenarios [12].

Summary and Concluding Remarks

The purpose of this study was to investigate the effect high seas closure would have on the
availability of commonly consumed food fish in fish reliant, low income countries. We find
that just above half (54%) of the assessed countries used straddling fish taxa locally, and hence
would potentially be affected by high seas closure. At the same time, countries which did not
consume straddling fish taxa domestically could also be indirectly affected, for instance,
through the loss in fishing access fees. Overall, it appears that high seas closure affected more
countries positively than negatively in terms of improving catches of straddling fish taxa; how-
ever, the magnitude of projected losses for negatively affected countries exceeded projected
gains. Moreover, only slightly more than a third (37%) of the countries where straddling fish
taxa were consumed domestically were projected to experience an increase in fish supply
under both scenarios. It should be noted that since future consumption levels of straddling
stocks is likely to change in these countries, this conclusion could change in the near future.

The majority (64%) of both highly fish dependent countries (HFDCs) and least developed
countries (LDCs) made use of straddling taxa domestically. Slightly above half (57%) the
HFDCs were projected to gain in terms of increased fish supply, while almost 30% would be
negatively affected across both scenarios. Among LDCs, 20% of the countries were projected
to be negatively affected across both scenarios. Least developed countries that are highly
dependent on fish (HFDLDCs) are arguably the countries with the greatest need for improved
access to affordable fish for food and nutrition security. However, among all country groups,
HFDLDC:s had the lowest proportion (33%) that used straddling fish taxa domestically. Across
both scenarios, slightly above a quarter (28%) of HFDLDCs would likely benefit from high
seas closure in terms of increased fish availability, and only one of the countries was projected
to be negatively affected.
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Thus, in general, high seas closure may not have a substantial impact on improving fish
supply in countries where it is most needed. At the same time, local food security for
HFDLDC:s that were projected to fare the worst (i.e., losses in both catch scenarios) may not
be heavily impacted because the affected straddling taxa are tuna, which are either used for
export or are caught by foreign fishing fleets. Nevertheless, high seas closure may affect food
security indirectly through economic effects stemming from loss in exports and foreign fishing
access fees. In summary, while high seas closure may benefit local fish supply in less than half
the assessed countries overall, it is important to bear in mind that countries projected to expe-
rience catch gains but where straddling taxa are not used domestically can still attain food
security benefits indirectly through economic and household income effects arising from an
increase in fisheries output.

Protecting the high seas is a conservation issue that concerns the global community.
Although prior studies have shown that high seas protection is likely to provide ecological ben-
efits, this study is, as far as we are aware, the first to investigate the food security impact of high
seas closure on the world’s poorest and most fish dependent countries. Our results indicate
that while it may not likely improve domestic fish supply substantially in these countries, its
negative impact upon food security in these countries also appears to be minimal. Further-
more, fish catch increases arising from high seas closure can indirectly contribute to improved
food security via other economic activities in countries where straddling fish taxa are not con-
sumed domestically. At the same time, this also implies that indirect negative impacts may be
experienced in those countries which do not consume straddling fish taxa domestically. In par-
ticular, a decrease in tuna catches may not only result in certain Pacific Island States losing
substantial amounts of fishing access fees, but also a source of future food security in the face
of climate change.

Although it is beyond the scope of this study to consider the political and technological
requirements of high seas protection, our results suggest that high seas closure can potentially
benefit biodiversity loss and food insecurity, which were identified by the Millennium Assess-
ment as two of the biggest challenges facing humanity. However, we also caution that high seas
closure can negatively impact food security in some countries, and that this impact will be partic-
ularly amplified in those that are already highly fish dependent and low income. By doing so, our
study provides a starting point for further evaluation of the costs and benefits of high seas protec-
tion, an international action that is urgently needed in the face of global ocean degradation.

Supporting Information

S1 Table. Average projected % change in catch relative to the status quo for countries
which use and do not use straddling taxa domestically, according to country groups (Least
Developed Countries (LDCs), High Fish Dependent Countries (HFDCs), and High Fish
Dependent LDCs (HFDLDCs)), under 5 scenarios of catch gains following high seas clo-
sure. Data source: Sumaila et al. (2015).

(DOCX)

S2 Table. Projected change in catch and landed value for Least Developed Countries
(LDCs) under 5 scenarios of straddling taxa catch increase following high seas closure.
LDCs are listed in order of their dependence on fish as a source of animal protein. Source:
Sumaila et al. (2015).

(DOCX)

§3 Table. High Fish Dependent Countries (HFDCs) and projected percentage change in
catch and landed value under 5 scenarios of straddling taxa catch increase following high

PLOS ONE | DOI:10.1371/journal.pone.0168529 December 29, 2016 19/27


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0168529.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0168529.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0168529.s003

@° PLOS | ONE

High Seas Closure and Food Security

seas closure Source: Sumaila et al. (2015).
(DOCX)

Acknowledgments

LSLT, URS and WC acknowledge the Social Sciences and Humanities Research Council of
Canada for funding the OceanCanada Partnership. LSLT also acknowledges financial support
from the Belmont Forum for funding the project ‘Maintaining productivity and incomes in
the Tonle Sap fishery in the face of climate change’.

Author Contributions

Conceptualization: LSLT URS VL DM WC.

Data curation: VL.

Formal analysis: LSLT.

Investigation: LSLT LCLT VL.

Methodology: LSLT URS.

Writing - original draft: LSLT.

Writing - review & editing: LSL'T LCLT URS VL DM WC.

References

1. Béné C, Barange M, Subasinghe R, Pinstrup-Andersen P, Merino G, Hemre G-I, et al. Feeding 9 billion
by 2050-Putting fish back on the menu. Food Secur. 2015; 7: 261-274. Available: http://link.springer.
com/article/10.1007/s12571-015-0427-z

2. Srinivasan UT, Cheung WWL, Watson R, Sumaila UR. Food security implications of global marine
catch losses due to overfishing. J Bioeconomics. 2010; 12: 183-200.

3. FAO, IFAD, WFP. The state of food insecurity in the world. The multiple dimensions of food security
[Internet]. Rome: FAO; 2015. Available: http://www.fao.org/docrep/018/i3434€/i3434e.pdf

4. Golden CD, Allison EH, Cheung WWL, Dey MM, Halpern BS, McCauley DJ, et al. Nutrition: Fall in fish
catch threatens human health. Nat News. 2016; 534: 317.

5. HLPE. Sustainable fisheries and aquaculture for food security and nutrition. A report by the high level
panel of experts on food security and nutrition of the committee on world food security. Rome: FAO;
2014.

6. Kawarazuka N. The contribution of fish intake, aquaculture, and small-scale fisheries to improving
nutrition: A literature review. The WorldFish Center Working Paper no. 2106. Penang: Worldfish Cen-
ter; 2010 p. 51.

7. Allison EH, Perry AL, Badjeck M-C, Neil Adger W, Brown K, Conway D, et al. Vulnerability of national
economies to the impacts of climate change on fisheries. Fish Fish. 2009; 10: 173—196.

8. Norse EA, Brooke S, Cheung WWL, Clark MR, Ekeland I, Froese R, et al. Sustainability of deep-sea
fisheries. Mar Policy. 2012; 36: 307-320.

9. Cullis-Suzuki S, Pauly D. Failing the high seas: A global evaluation of regional fisheries management
organizations. Mar Policy. 2010; 34: 1036—1042.

10. White C, Costello C. Close the High Seas to Fishing? PLOS Biol. 2014; 12: €1001826. doi: 10.1371/
journal.pbio.1001826 PMID: 24667759

11. Sumaila UR, Lam VWY, Miller DD, Teh L, Watson RA, Zeller D, et al. Winners and losers in a world
where the high seas is closed to fishing. Sci Rep. 2015; 5: 8481. doi: 10.1038/srep08481 PMID:
25674681

12. Cheung W, Jones M, Lam V, Miller D, Ota Y, Teh L, et al. Transform high seas management to build
climate-resilience in marine seafood supply. Fish Fish. 2016;

13. FAO, IFAD, WFP. The state of food insecurity in the world 2015. Meeting the 2015 international hunger
targets: taking stock of uneven progress. Rome: FAQO; 2015.

PLOS ONE | DOI:10.1371/journal.pone.0168529 December 29, 2016 20/27


http://link.springer.com/article/10.1007/s12571-015-0427-z
http://link.springer.com/article/10.1007/s12571-015-0427-z
http://www.fao.org/docrep/018/i3434e/i3434e.pdf
http://dx.doi.org/10.1371/journal.pbio.1001826
http://dx.doi.org/10.1371/journal.pbio.1001826
http://www.ncbi.nlm.nih.gov/pubmed/24667759
http://dx.doi.org/10.1038/srep08481
http://www.ncbi.nlm.nih.gov/pubmed/25674681

@° PLOS | ONE

High Seas Closure and Food Security

14.
15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

Teh LSL, Sumaila UR. Trends in global shared fisheries. Mar Ecol Prog Ser. 2015; 530: 243-254.

Pratchett MS, Munday P, Graham NA, Kronen M, Pinca S, Friedman K, et al. Vulnerability of coastal
fisheries in the tropical Pacific to climate change. In: Bell JD, Johnson JE, Hobday AJ, editors. Vulnera-
bility of Tropical Pacific Fisheries and Aquaculture to Climate Change. Noumea, New Caledonia: Sec-
retariat of the Pacific Community; pp. 493-576.

Bell JD, Reid C, Batty MJ, Allison EH, Lehodey P, Rodwell L, et al. Implications of climate change for
contributions by fisheries and aquaculture to Pacific Island economies and communities. Vulnerability
Trop Pac Fish Aquac Clim Change. 2011; 733-802.

Campbell B, Hanich Q. Fish for the future: Fisheries development and food security for Kiribati in an
era of global climate change. Penang: WorldFish Centre; 2014.

Gillett R. Pacific Perspectives 2014, Pacific Perspectives on Fisheries and Sustainable Development.
Suva, Fiji: United Nations ESCAP; 2014 p. 50.

Kronen M, Vunisea A, Magron F, McArdle B. Socio-economic drivers and indicators for artisanal
coastal fisheries in Pacific island countries and territories and their use for fisheries management strat-
egies. Mar Policy. 2010; 34: 1135-1143.

Dyck AJ, Sumaila UR. Economic impact of ocean fish populations in the global fishery. J Bioeco-
nomics. 2010; 12: 227—-243. Available: http:/link.springer.com/article/10.1007/s10818-010-9088-3

Dabla-Norris ME, Kochhar MK, Suphaphiphat MN, Ricka MF, Tsounta E. Causes and consequences
of income inequality: a global perspective. International Monetary Fund; 2015.

World Bank. World Development Indicators 2013 [Internet]. 2013 [cited 3 Jun 2016]. Available: http://
data.worldbank.org/news/new-suite-of-world-development-Indicators-products-now-available

Kaufmann D, Kraay A, Mastruzzi M. The Worldwide Governance Indicators: Methodology and Analyti-
cal Issues. Hague J Rule Law. 2011; 3: 220—246.

Bell JD, Kronen M, Vunisea A, Nash WJ, Keeble G, Demmke A, et al. Planning the use of fish for food
security in the Pacific. Mar Policy. 2009; 33: 64—76. Available: http://www.sciencedirect.com/science/
article/pii/S0308597X08000778

Béné C, Heck S. Fish and food security in Africa. Naga. 2005; 28: 8. Available: https:/dic.dlib.indiana.
edu/dic/handle/10535/2485

FAOQ. FAO Fishery Country Profile—Eritrea [Internet]. 2002 [cited 20 May 2016]. Available: http:/
www.fao.org/fi/oldsite/FCP/en/ERI/profile.htm

FAOQO. Samoa National Fishery Sector Overview [Internet]. Rome: FAO; 2009. Available: ftp://ftp.fao.
org/fi/document/fcp/en/FI_CP_WS.pdf

Jiddawi NS, Ohman MC. Marine Fisheries in Tanzania. AMBIO J Hum Environ. 2002; 31: 518-527.

Alabsi N, Komatsu T. Characterization of fisheries management in Yemen: A case study of a develop-
ing country’s management regime. Mar Policy. 2014; 50, Part A: 89-95.

Allison EH. Aquaculture, fisheries, poverty and food security. 2011; Available: http://aquaticcommons.
org/7517/

Golub S, Varma A. Fishing exports and economic development of least developed countries: Bangla-
desh, Cambodia, Comoros, Sierra Leone and Uganda. Paper prepared for UNCTAD. Swarthmore
College; 2014.

C3 (Community Centred Conservation). Socio-economic assessment and identification of potential
sites for community-based coral reef management in the Comoros. A report submitted to the NOAA
Coral Reef Conservation Program, USA. C3 Madagascar and Indian Ocean Islands Programme; 2010
p. 22.

Hauzer M, Dearden P, Murray G. The fisherwomen of Ngazidja island, Comoros: Fisheries livelihoods,
impacts, and implications for management. Fish Res. 2013; 140: 28-35.

Zylich K, Shon S, Harper S, Zeller D. 2014. Reconstruction of total marine fisheries catches for the
Republic of Vanuatu, 1950-2010. In: Zylich K, Zeller D, Ang M, Pauly D, editors. Fisheries catch recon-
structions: Islands, Part IV. Vancouver, Canada: Fisheries Centre, University of British Columbia;
2014. Pp. 147-156.

Bell JD, Allain V, Allison EH, Andréfouét S, Andrew NL, Batty MJ, et al. Diversifying the use of tuna to
improve food security and public health in Pacific Island countries and territories. Mar Policy. 2015; 51:
584-591.

Johnstone G, Ranijitha P, Fabrice D, Kosal M, Oeur |, Sithirith M, et al. Tonle Sap scoping report.
CGIAR Research Program on Aquatic Agricultural Systems. Report No.: AAS-2013-28. Penang:
Worldfish Center; 2013.

FAO. FAO Fisheries & Aquaculture—Fishery and Aquaculture Country Profiles—The Republic of
Angola [Internet]. 2011 [cited 20 May 2016]. Available: http://www.fao.org/fishery/facp/AGO/en

PLOS ONE | DOI:10.1371/journal.pone.0168529 December 29, 2016 21/27


http://link.springer.com/article/10.1007/s10818-010-9088-3
http://data.worldbank.org/news/new-suite-of-world-development-Indicators-products-now-available
http://data.worldbank.org/news/new-suite-of-world-development-Indicators-products-now-available
http://www.sciencedirect.com/science/article/pii/S0308597X08000778
http://www.sciencedirect.com/science/article/pii/S0308597X08000778
https://dlc.dlib.indiana.edu/dlc/handle/10535/2485
https://dlc.dlib.indiana.edu/dlc/handle/10535/2485
http://www.fao.org/fi/oldsite/FCP/en/ERI/profile.htm
http://www.fao.org/fi/oldsite/FCP/en/ERI/profile.htm
ftp://ftp.fao.org/fi/document/fcp/en/FI_CP_WS.pdf
ftp://ftp.fao.org/fi/document/fcp/en/FI_CP_WS.pdf
http://aquaticcommons.org/7517/
http://aquaticcommons.org/7517/
http://www.fao.org/fishery/facp/AGO/en

@° PLOS | ONE

High Seas Closure and Food Security

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Wahab M, Phillips M, Mohammed S. Payments for hilsa fish (Tenualosa ilisha) conservation in Bangla-
desh. In: Mohammed E, editor. Economic Incentives for Marine and Coastal Conservation: Prospects,
Challenges and Policy Implications. New York: Routledge; 2013. pp. 170—-189.

Islam M, Mohammed E, Ali L. Economic incentives for sustainable hilsa fish management in Bangla-
desh: An analysis of the legal and institutional framework. IED Working Paper [Internet]. London:
IIED; 2014. Available: http://pubs.iied.org/pdfs/15523IIED.pdf

FAQ. The Republic of Benin Fishery and Aquaculture Country Profiles [Internet]. Rome: FAO; 2008.
Available: ftp://ftp.fao.org/FI/DOCUMENT/fcp/fr/FI_CP_BJ.pdf

Pouomogne V, Pemsl D. Recommendation Domains for Pond Aquaculture. Country Case Study:
Development and Status of Freshwater Aquaculture in Cameroon. WorldFish Center Studies and
Reviews No. 1871. Penang: The Worldfish Center; 2008 p. 60.

Mujinga W, Lwamba J, Mutala S, Husken S. An inventory of fish species at the urban markets in
Lubumbashi, Democratic Republic of Congo. Regional Programme Fisheries and HIV/AIDS in Africa:
Investing in Sustainable Solutions. Project Report 1983. Penang: The Worldfish Center; 2009 p. 30.

Chavance P, Amon Kothias JB, Dewals P, Pianet R, Amandé M-J, Delgado de Molina A, et al. Statis-
tics on tuna surface fishery’s bycatch landed in Abidjan, Céte d’Ivoire, for the 1982—2009 period. Trop
Tunas ICCAT Col Vol Sci Pap ICCAT Madr. 2011; 2104-2112. Available: http://www.iccat.org/
Documents/CVSP/CV066_2011/no_5/CV066052104.pdf

FAO. FAO Fishery Country Profile—Djibouti [Internet]. 2004 [cited 20 May 2016]. Available: http://
www.fao.org/fi/oldsite/FCP/en/DJl/profile.htm

Gordon A, Finegold C, Crissman C, Pulis A. Fish production, consumption and trade in sub-Saharan
Africa: a review analysis [Internet]. Worldfish Center; 2013. Available: http://pubs.iclarm.net/
resource_centre/WF-3692.pdf

Tesfamichael D, Mohamud S. Reconstructing Red Sea fisheries of Eritrea: a case study of the relation-
ship between political stability and fisheries development. In: Tesfamichael D, Pauly D, editors. Catch
reconstruction for the Red Sea large marine ecosystem by countries (1950-2010) Fisheries Centre
Research Reports 20(1). Vancouver, Canada: University of British Columbia; 2012. pp. 71-104.

FAO. FAO Fisheries & Aquaculture—Fishery and Aquaculture Country Profiles—The Republic of the
Fiji [Internet]. 2009 [cited 20 May 2016]. Available: http://www.fao.org/fishery/facp/FJl/en

Kumar M, Aalbersberg B, Mosley L. Mercury Levels in Fijian Seafoods and Potential Health Implica-
tions. IAS Technical Report No. 2004/03. Suva, Fiji: Institute of Applied Science; 2004 p. 35.

UNCTAD. The fisheries sector in the Gambia: trade, value additional and social inclusiveness, with a
focus on women. United Nations Conference on Trade and Development. New York and Geneva:
United Nations; 2014 p. 54.

Belhabib D, Pauly D. Fisheries in troubled waters: a catch reconstruction for Guinea-Bissau, 1950—
2010. Fisheries Centre Working Paper Series #2015-72. Vancouver, Canada: University of British
Columbia; 2015.

Belhabib D, Doumbouya A, Traore S, Camara Y, Copeland D, Gorez B, et al. Guinean fisheries, past,
present and. . . future? In: Belhabib D, Zeller D, Harper S, Pauly D, editors. Marine fisheries catches in
West Africa, 1950—2010, Part I. Vancouver, Canada: Fisheries Centre, University of British Columbia;
2013. pp. 91-104.

Felix M. Supply chain analysis for fresh seafood in Haiti. Final Project for the United Nations University
Fisheries Training Programme [Internet]. 2012. Available: http://www.unuftp.is/static/fellows/
document/muriell12prf.pdf

APEC. Potential contribution of small pelagic fish to food security within the Asia-Pacific region. Report
on outcomes of completed APEC funded project FWG 02/2010A. Presented at the 2nd Ocean and
Fisheries Working Group Meeting, Medan, Indonesia 23-25 June 2013. Asia Pacific Economic Coop-
eration. [Internet]. Available: http://mddb.apec.org/Documents/2013/OFWG/OFWG/13_ofwg_034.pdf

Hotta M. Annex 1 Country Reviews Japan. Review of the state of world marine capture fisheries man-
agement: Pacific Ocean FAO Fisheries Technical Paper No 488/1. Rome: FAO; 2007. pp. 361-396.

Awira R, Friedman K, Sauni S, Kronen M, Pinca S, Chapman L, et al. Kiribati country report: Profiles
and results from survey work at Abaiang, Abemama, Kuria and Kirimati: (May to November 2004).
Noumea: Pacific Regional Oceanic and Coastal Fisheries Development Programme (PROCFish/C/
CoFish) / Secretariat of the Pacific Community; 2008.

Cho Y. The sustainable contribution of fisheries to food security in the Republic of Korea. Sustainable
contribution of fisheries to food security. Bangkok: FAO; 2000.

Teng S. Republic of Korea. Review of the state of world marine capture fisheries management: Pacific
Ocean FAO Fisheries Technical Paper No 488/1. Rome: FAO; 2007. pp. 397-413.

PLOS ONE | DOI:10.1371/journal.pone.0168529 December 29, 2016 22/27


http://pubs.iied.org/pdfs/15523IIED.pdf
ftp://ftp.fao.org/FI/DOCUMENT/fcp/fr/FI_CP_BJ.pdf
http://www.iccat.org/Documents/CVSP/CV066_2011/no_5/CV066052104.pdf
http://www.iccat.org/Documents/CVSP/CV066_2011/no_5/CV066052104.pdf
http://www.fao.org/fi/oldsite/FCP/en/DJI/profile.htm
http://www.fao.org/fi/oldsite/FCP/en/DJI/profile.htm
http://pubs.iclarm.net/resource_centre/WF-3692.pdf
http://pubs.iclarm.net/resource_centre/WF-3692.pdf
http://www.fao.org/fishery/facp/FJI/en
http://www.unuftp.is/static/fellows/document/muriell12prf.pdf
http://www.unuftp.is/static/fellows/document/muriell12prf.pdf
http://mddb.apec.org/Documents/2013/OFWG/OFWG/13_ofwg_034.pdf

@° PLOS | ONE

High Seas Closure and Food Security

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.
68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

FAO. FAO Fishery Country Profile—The Republic of Liberia [Internet]. 2007 [cited 20 May 2016].
Available: http://www.fao.org/fi/oldsite/FCP/en/LBR/profile.htm

Astuti R. People of the Sea: Identity and Descent among the Vezo of Madagascar. Cambridge Univer-
sity Press; 1995.

Barnes-Mauthe M, Oleson KL, Zafindrasilivonona B. The total economic value of small-scale fisheries
with a characterization of post-landing trends: An application in Madagascar with global relevance.
Fish Res. 2013; 147: 175-185. Available: http://www.sciencedirect.com/science/article/pii/
S0165783613001537

Hajeb P, Jinap S, Ismail A, Fatimah AB, Jamilah B, Abdul Rahim M. Assessment of mercury level in
commonly consumed marine fishes in Malaysia. Food Control. 2009; 20: 79-84.

Sivasubramaniam K. The sustainable contribution of fisheries to food security in the South Asian sub-
region. Sustainable contribution of fisheries to food security Report prepared by Asia Pacific Fishery
Commission and FAO. Bangkok: FAO Regional office for Asia and the Pacific; 2000.

Sinan H. Background report of fishery products The Maldives. Republic of Maldives: Ministry of Fish-
eries and Agriculture; undated.

Belhabib D, Gascuel D, Kan E, Harper S, Zeller D, Pauly D. Preliminary estimation of realistic fisheries
removals off Mauritania, 1950-2010. In: Belhabib D, Zeller D, Harper S, Pauly D, editors. Marine fish-
eries catches in West Africa, 1950-2010, Part |. Fisheries Centre, University of British Columbia;
2013. pp. 61-78.

FAO. FAO Fisheries & Aquaculture—Fishery and Aquaculture Country Profiles—The Republic of
Mozambique [Internet]. 2007 [cited 20 May 2016]. Available: http://www.fao.org/fishery/facp/MOZ/en

Nathan Associates Inc. Competitiveness of Mozambique’s Fisheries Sector. Report for USAID [Inter-
net]. 2010. Available: http://transparentsea.co/images/4/40/Mozambique_fisheries_report_final.pdf

FAO. Myanmar aquaculture and inland fisheries. Rome: FAQO; 2003.

Etim L, Belhabib D, Pauly D. An overview of the Nigerian marine fisheries and a re-evaluation of its
catch data for the years 1950-2010. Fisheries Centre Working Paper Series #2015-68. Vancouver,
Canada: University of British Columbia; 2015.

FAOQ. FAO Fisheries & Aquaculture—Fishery and Aquaculture Country Profiles—The Republic of the
Philippines [Internet]. 2014 [cited 20 May 2016]. Available: http://www.fao.org/fishery/facp/PHL/en

Vunisea A, Friedman K, Awira R, Kronen M, Pinca S, Chapman L, et al. Samoa country report: profiles
and results from survey work at Manono-Uta, Salelavalu, Vailoa and Vaisala (June 2005 and August/
September 2005) Pacific Regional Oceanic and Coastal Fisheries Development Programme (PROC-
Fish/C/CoFish). Noumea: Pacific Regional Oceanic and Coastal Fisheries Development Programme
(PROCFish/C/CoFish) / Secretariat of the Pacific Community; 2008.

Alegre M. Towards a national ocean policy in Sao Tome and Principe. Report of The United Nations-
Nippon Foundation Fellowship Programme 2009-2010 [Internet]. 2009. Available: http://www.un.org/
depts/los/nippon/unnff_programme_home/fellows_pages/fellows_papers/costa-alegre_0910_sao-
tome-principe.pdf

Belhabib D. Fisheries of Sao Tome and Principe, a catch reconstruction (1950-2010) [Internet]. Van-
couver, Canada: University of British Columbia; 2015. Available: http://www.seaaroundus.org/doc/
publications/wp/2015/Belhabib-Sao-Tome-and-Principe.pdf

Ndiaye O. International fish trade and food security—case of Senegal. Report of the Expert Consulta-
tion on International Fish Trade and Food Security Casablanca, Morocco 27-30 January 2003 FAO
Fisheries Report No 708. Rome: FAO; 2003. p. 213. Available: http://www.fao.org/docrep/006/
y4961e/y4961e0i.htm

Robinson J, Aumeeruddy R, Isidore M, Payet R, Marguerite M, Laval M, et al. Country review: Sey-
chelles. In: De Young C, editor. Review of the state of world marine capture fisheries management:
Indian Ocean FAOQ Fisheries Technical Paper No 488. Rome: FAO; 2006. p. 458.

Green P, Carrol G, Mason E. The role of fish for consumption and nutrition in Sierra Leone. In: Vakily
J, Seto K, Pauly D, editors. The marine fisheries environment of Sierra Leone: belated proceedings of
a national seminar held in Freetown, 25-29 November 1991 Fisheries Centre Research Reports 20
(4). Vancouver, Canada: University of British Columbia; 2012. pp. 90-99.

Pinca S, Vunisea A, Lasi F, Friedman K, Kronen M, Awira R, et al. Solomon Islands country report: pro-
files and results from survey work at Nggela, Marau, Rarumana and Chubikopi (June to September
2006 and December 2006). Noumea, New Caledonia: Pacific Regional Oceanic and Coastal Fisher-
ies Development Programme (PROCFish/C/CoFish) / Secretariat of the Pacific Community; 2009.

Persson L, Lindop A, Harper S, Zylich K, Zeller D. Failed state: reconstruction of domestic fisheries
catches in Somalia 1950-2010. In: Le Manach F, Pauly D, editors. Fisheries catch reconstructions in

PLOS ONE | DOI:10.1371/journal.pone.0168529 December 29, 2016 23/27


http://www.fao.org/fi/oldsite/FCP/en/LBR/profile.htm
http://www.sciencedirect.com/science/article/pii/S0165783613001537
http://www.sciencedirect.com/science/article/pii/S0165783613001537
http://www.fao.org/fishery/facp/MOZ/en
http://transparentsea.co/images/4/40/Mozambique_fisheries_report_final.pdf
http://www.fao.org/fishery/facp/PHL/en
http://www.un.org/depts/los/nippon/unnff_programme_home/fellows_pages/fellows_papers/costa-alegre_0910_sao-tome-principe.pdf
http://www.un.org/depts/los/nippon/unnff_programme_home/fellows_pages/fellows_papers/costa-alegre_0910_sao-tome-principe.pdf
http://www.un.org/depts/los/nippon/unnff_programme_home/fellows_pages/fellows_papers/costa-alegre_0910_sao-tome-principe.pdf
http://www.seaaroundus.org/doc/publications/wp/2015/Belhabib-Sao-Tome-and-Principe.pdf
http://www.seaaroundus.org/doc/publications/wp/2015/Belhabib-Sao-Tome-and-Principe.pdf
http://www.fao.org/docrep/006/y4961e/y4961e0i.htm
http://www.fao.org/docrep/006/y4961e/y4961e0i.htm

@° PLOS | ONE

High Seas Closure and Food Security

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92,

93.

94.

95.

96.

the Western Indian Ocean, 19502010 Fisheries Centre Research Reports 23(2). Vancouver, Can-
ada: University of British Columbia; 2014. pp. 111-127.

Haputhantri S. Analysis of skipjack tuna (Katsuwonus pelamis) landings made by Sri Lankan fishing
vessels operated during 2005-2012 with special reference to the nature of the fishing operations.
Report IOTC-2014-WPTT16-32 from the Working Party on Tropical Tunas [Internet]. Indian Ocean
Tuna Commission; 2014. Available: http://www.iotc.org/documents/analysis-skipjack-tuna-
katsuwonus-pelamis-landings-made-sri-lankan-fishing-vessels

Sri Lanka Ministry of Fisheries and Aquatic Resources Development. Fisheries Statistics 2014 [Inter-
net]. Sri Lanka: Sri Lanka Ministry of Fisheries and Aquatic Resources Development; 2014. Available:
http://www. fisheries.gov.lk/content.php?cnid=ststc

Tesfamichael D, Ekawad A. Reconstructing Red Sea fisheries of Sudan: foreign aid and fisheries. In:
Tesfamichael D, Pauly D, editors. Catch reconstruction for the Red Sea large marine ecosystem by
countries (1950-2010) Fisheries Centre Research Reports 20(1). Vancouver, Canada: University of
British Columbia; 2012. pp. 51-70.

IOTC. Tanzania national report to the scientific committee of the Indian Ocean Tuna Commission
2011.10TC-2011-SC14-NR26. Indian Ocean Tuna Commission; 2011.

FAOQ. FAO Fisheries & Aquaculture—Fishery and Aquaculture Country Profiles—The Kingdom of
Thailand [Internet]. 2009 [cited 20 May 2016]. Available: http://www.fao.org/fishery/facp/THA/en

Andersen AB, Pant J, Thilsted SH. Food and nutrition security in Timor-Leste. Penang: WorldFish
Center; 2013.

Belhabib D, Koutob V, Pauly D. The Marine Fisheries of Togo, the “Heart of West Africa”, 1950 to
2010. Fisheries Centre Working Paper Series #2015-70. Vancouver, Canada: University of British
Columbia; 2015.

FCWC. TOGO—Fisheries Committee for the West Central Gulf of Guinea. [Internet]. 2010 [cited 20
May 2016]. Available: http://www.fcwc-fish.org/about-us/member-countries/79-togo

FAO. Tuvalu National Fishery Sector Overview [Internet]. FAO; 2010. Available: ftp:/ftp.fao.org/fi/
document/fcp/en/FI_CP_TV.pdf

Sauni S, Kronen M, Pinca S, Sauni L, Friedman K, Chapman L, et al. Tuvalu country report: profile and
reports from in-country survey work (Oct-Nov 2004 and March-April 2005) SPC Coastal Fisheries Pro-
gramme PROCFish/C/CoFish. Noumea: SPC Coastal Fisheries Programme (PROCFish/C/CoFish)/
Secretariat of the Pacific Community; 2008.

Friedman K, Pakoa K, Kronen M, Chapman L, Sauni S, Vigliola L, et al. Vanuatu country report: Profile
and results from survey work at Paunangisu village, Moso Island, Uri and Uripiv islands and the Mas-
kelyne Archipelago (July to December 2003). Noumea: Pacific Regional Oceanic and Coastal Fisher-
ies Development Programme/Secretariat of the Pacific Community; 2008.

Nguyen H. Status of fish trade and food security in Vietnam. Report of the Expert Consultation on Inter-
national Fish Trade and Food Security Casablanca, Morocco, 27-30 January 2003 FAO Fisheries
Report No 708. Rome: FAO; 2003. p. 213. Available: http://www.fao.org/docrep/006/y4961e/
y4961e0i.htm

Tesfamichael D, Rossing P, Saeed H. The marine fisheries of Yemen with emphasis on the Red Sea
and cooperatives. In: Tesfamichael D, Pauly D, editors. Catch reconstruction for the Red Sea large
marine ecosystem by countries (1950—2010) Fisheries Centre Research Reports 20(1). Vancouver,
Canada: University of British Columbia; 2012. pp. 105-152.

Rockefeller Foundation. Securing the livelihoods and nutritional needs of fish-dependent communities.
New York: Rockefeller Foundation; 2013.

Teh LCL, Teh LSL, Starkhouse B, Rashid Sumaila U. An overview of socio-economic and ecological
perspectives of Fiji's inshore reef fisheries. Mar Policy. 2009; 33: 807-817.

Le Manach F, Bach P, Boistol L, Robinson J, Pauly D. Artisanal fisheries in the world’s second largest
tuna fishing ground—Reconstruction of the Seychelles’ marine fisheries catch, 1950-201. In: Le Man-
ach F, Pauly D, editors. Fisheries catch reconstructions in the Western Indian Ocean, 1950-2010 Fish-
eries Centre Research Reports 23(2). Vancouver, Canada: University of British Columbia; 2015. pp.
99-110.

Dey MM, Rab MA, Paraguas FJ, Piumsombun S, Bhatta R, Alam MF, et al. Fish Consumption and
Food Security: A Disaggregated Analysis by Types of Fish and Classes of Consumers in Selected
Asian Countries. Aquac Econ Manag. 2005; 9: 89-111.

Allan JD, Abell R, Hogan Z, Revenga C, Taylor BW, Welcomme RL, et al. Overfishing of Inland
Waters. BioScience. 2005; 55: 1041-1051.

Burke L, Reytar K, Spalding M, Perry A. Reefs at risk revisited [Internet]. Washington DC: World
Resources Institute; 2011.

PLOS ONE | DOI:10.1371/journal.pone.0168529 December 29, 2016 24/27


http://www.iotc.org/documents/analysis-skipjack-tuna-katsuwonus-pelamis-landings-made-sri-lankan-fishing-vessels
http://www.iotc.org/documents/analysis-skipjack-tuna-katsuwonus-pelamis-landings-made-sri-lankan-fishing-vessels
http://www.fisheries.gov.lk/content.php?cnid=ststc
http://www.fao.org/fishery/facp/THA/en
http://www.fcwc-fish.org/about-us/member-countries/79-togo
ftp://ftp.fao.org/fi/document/fcp/en/FI_CP_TV.pdf
ftp://ftp.fao.org/fi/document/fcp/en/FI_CP_TV.pdf
http://www.fao.org/docrep/006/y4961e/y4961e0i.htm
http://www.fao.org/docrep/006/y4961e/y4961e0i.htm

@° PLOS | ONE

High Seas Closure and Food Security

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112,

113.

114.

115.

116.

117.

118.

Newton K, Cété IM, Pilling GM, Jennings S, Dulvy NK. Current and Future Sustainability of Island
Coral Reef Fisheries. Curr Biol. 2007; 17: 655-658. doi: 10.1016/j.cub.2007.02.054 PMID: 17382547

FAOQ. FAO Fisheries & Aquaculture—Fishery and Aquaculture Country Profiles—The Republic of
Korea [Internet]. 2003 [cited 20 May 2016]. Available: http://www.fao.org/fishery/facp/KOR/en

FAOQ. FAO Fisheries & Aquaculture—Fishery and Aquaculture Country Profiles—Japan [Internet].
2009 [cited 20 May 2016]. Available: http://www.fao.org/fishery/facp/JPN/en

FAO. The State of the World Fisheries and Aquaculture. Rome: Food and Agriculture Organisation of
the United Nations; 2014.

Frid CLJ, Paramor OAL. Feeding the world: what role for fisheries? ICES J Mar Sci J Cons. 2012; 69:
145-150.

Thilsted SH, Thorne-Lyman A, Webb P, Bogard JR, Subasinghe R, Phillips MJ, et al. Sustaining
healthy diets: The role of capture fisheries and aquaculture for improving nutrition in the post-2015 era.
Food Policy. 2016; 61: 126-131.

FAQ. L'union des Comores Fishery Country Profile. [Internet]. Rome: FAO; 2003. Available: ftp://ftp.
fao.org/FI/DOCUMENT/fcp/fr/FI_CP_KM.pdf

Meyer J, Nelson D, Black D. Comoros: comprehensive food security and vulnerability analysis [Inter-
net]. World Food Programme, Vulnerability Analysis and Mapping Branch; 2006. Available: http://
documents.wfp.org/stellent/groups/public/documents/ena/wfp085419.pdf

FAOQ. FAO Fisheries & Aquaculture—Profils des péches et de 'aquaculture par pays—La République
de Cote d’lvoire [Internet]. 2008 [cited 20 May 2016]. Available: http://www.fao.org/fishery/facp/CIV/fr

Pittaluga F. Poverty, fishing and livelihoods on Lake Kossou, Cote d’lvoire. PhD, University of Arizona.
2007.

Friedman K, Kronen M, Vunisea A, Pinca S, Pakoa K, Magron F, et al. Fiji Islands country report: pro-
files and results from survey work at Dromuna, Muaivuso, Mali and Lakeba (September to November
2002, April to June 2003, June and July 2007, and February 2009). Noumea: Pacific Regional Oce-
anic and Coastal Fisheries Development Programme/Secretariat of the Pacific Community; 2010.

Gehrke P, Sheaves M, Boseto D, Figa B, Wani J. Ch. 10 Vulnerability of freshwater and estuarine fish-
eries in the tropical Pacific to climate change. In: Bell JD, Hobday AJ, editors. Vulnerability of tropical
Pacific fisheries and aquaculture to climate change. Noumea: Secretariat of the Pacific Community;
2011.

FAOQ. FAO Fisheries & Aquaculture—Fishery and Aquaculture Country Profiles—The Republic of
Indonesia [Internet]. 2011 [cited 20 May 2016]. Available: http://www.fao.org/fishery/facp/IDN/en

Brugére C, Holvoet K, Allison EH. Livelihood diversification in coastal and inland fishing communities:
misconceptions, evidence and implications for fisheries management. Rome ltaly Work Pap Sustain
Fish Livelihoods Programme SFLP FAODFID. 2008; Available: htp://193.43.36.92/FI/DOCUMENT/
sflp/wp/diversification_june2008.pdf

Aregheore EM. Kiribati Country Pasture/Forage Resource Profiles [Internet]. 2009 [cited 18 May
2016]. Available: http://www.fao.org/ag/agp/agpc/doc/Counprof/PDF%20files/Kiribati.pdf

Pickering T, Ponia B, Hair C, Southgate P, Poloczanska E, Patrona L, et al. Vulnerability of aquacul-
ture in the tropical Pacific to climate change WorldFish Publications. In: Bell J, Johnson JE, Hobday

AJ, editors. Vulnerability of Tropical Pacific Fisheries and Aquaculture to Climate Change. Noumea,
New Caledonia: Secretariat of the Pacific Community; 2011. pp. 647-731.

Kebe M, Jern P, Collins R, Kay W, Kekula E. A livelihoods analysis of coastal fisheries communities in
Liberia. FAO Fisheries and Aquaculture Circular No. 1043 FIDP/C1043. Rome: FAO; 2009.

FAOQ. FAO Fisheries & Aquaculture—Fishery and Aquaculture Country Profiles—Malaysia [Internet].
2009 [cited 20 May 2016]. Available: http://www.fao.org/fishery/facp/MYS/en

Tietze U, Groenewold G, Marcoux A. Demographic change in coastal fishing communities and its
implications for the coastal environment. FAO Fisheries Technical Paper No. 403. Rome: FAO; 2000
p. 151.

Blythe JL, Murray G, Flaherty M. Strengthening threatened communities through adaptation: insights
from coastal Mozambique. Ecol Soc. 2014; 19: 6.

Flores-Palacios X. Samoa—exploring the linkages between climate change and population move-
ments. Presented at the Samoa Conference Ill: Opportunities and challenges for a sustainable cultural
and natural environment. Apia, Samoa; 2014.

FAOQ. FAO Fisheries & Aquaculture—Fishery and Aquaculture Country Profiles—The Republic of Sey-
chelles [Internet]. 2005 [cited 20 May 2016]. Available: http://www.fao.org/fishery/facp/SYC/en

PLOS ONE | DOI:10.1371/journal.pone.0168529 December 29, 2016 25/27


http://dx.doi.org/10.1016/j.cub.2007.02.054
http://www.ncbi.nlm.nih.gov/pubmed/17382547
http://www.fao.org/fishery/facp/KOR/en
http://www.fao.org/fishery/facp/JPN/en
ftp://ftp.fao.org/FI/DOCUMENT/fcp/fr/FI_CP_KM.pdf
ftp://ftp.fao.org/FI/DOCUMENT/fcp/fr/FI_CP_KM.pdf
http://documents.wfp.org/stellent/groups/public/documents/ena/wfp085419.pdf
http://documents.wfp.org/stellent/groups/public/documents/ena/wfp085419.pdf
http://www.fao.org/fishery/facp/CIV/fr
http://www.fao.org/fishery/facp/IDN/en
http://www.fao.org/ag/agp/agpc/doc/Counprof/PDF%20files/Kiribati.pdf
http://www.fao.org/fishery/facp/MYS/en
http://www.fao.org/fishery/facp/SYC/en

@° PLOS | ONE

High Seas Closure and Food Security

119.

120.

121.

122,

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

Daw TM, Cinner JE, McClanahan TR, Brown K, Stead SM, Graham NA, et al. To fish or not to fish: fac-
tors at multiple scales affecting artisanal fishers’ readiness to exit a declining fishery. PLoS One. 2012;
7:e31460. doi: 10.1371/journal.pone.0031460 PMID: 22348090

FAOQ. FAO Fisheries & Aquaculture—National Aquaculture Sector Overview—Sierra Leone [Internet].
2006 [cited 20 May 2016]. Available: http://www.fao.org/fishery/countrysector/naso_sierraleone/en

Thorpe A, Pouw N, Baio A, Sandi R, Ndomahina ET, Lebbie T. “Fishing Na Everybody Business™:
Women’s Work and Gender Relations in Sierra Leone’s Fisheries. Fem Econ. 2014; 20: 53-77.

Krishnamurthy K, Turano E, Nanayakkara L, Kumarasiri A. Sri Lanka Consolidated livelihood exercise
for analysing resilience [Internet]. World Food Programme; 2014. Available: https://www.wfp.org/
content/sri-lanka-consolidated-livelihood-exercise-analysing-resilience

FAO. The United Republic of Tanzania National Fishery Sector Overview [Internet]. Rome: FAQ;
2007. Available: ftp://ftp.fao.org/FI/DOCUMENT/fcp/en/FI_CP_TZ.pdf

Jayaweera |. Livelihood and diversification in rural coastal communities. Dependence on ecosystem
services and possibilities for sustainable enterprising in Zanzibar, Tanzania. MSc., Stockholm Resil-
ience Centre, Stockholm University. 2010.

Lymer D, Funge-Smith S, Khemakorn P, Naruepon S, Ubolratana S. A review and synthesis of capture
fisheries data in Thailand-Large versus small-scale fisheries. RAP Publication 2008/17. Bangkok:
FAO Regional Office for Asia and the Pacific; 2008 p. 51

Bennett N, Dearden P, Murray G, Kadfak A. The capacity to adapt?: communities in a changing cli-
mate, environment, and economy on the northern Andaman coast of Thailand. Ecol Soc. 2014; 19
(2):5.

Béné C, Friend RM. Water, poverty and inland fisheries: lessons from Africa and Asia. Water Int. 2009;
34:47-61.

FAO. FAO Fisheries & Aquaculture—Profils des péches et de 'aquaculture par pays—La République
Togolaise [Internet]. 2007 [cited 20 May 2016]. Available: http://www.fao.org/fishery/facp/TGO/fr

FAO. FAO Fisheries & Aquaculture—National Aquaculture Sector Overview—Yemen [Internet]. 2005
[cited 20 May 2016]. Available: http://www.fao.org/fishery/countrysector/naso_yemen/en

Browne S. Livelihoods zoning “Plus” activity in Yemen. A special report by the Famine Early Warning
System Network (FEWS NET) [Internet]. 2010 p. 39. Available: http://www.fews.net/sites/default/files/
ye_zonedescriptions_en.pdf

Teh LSL, Teh LCL, Sumaila UR. A Global Estimate of the Number of Coral Reef Fishers. PLOS ONE.
2013; 8: €65397. doi: 10.1371/journal.pone.0065397 PMID: 23840327

The Global Food Security Index [Internet]. [cited 27 Oct 2016]. Available: http://foodsecurityindex.eiu.
com/

McGregor A, Bourke RM, Manley M, Tubuna S, Deo R. Pacific island food security: situation, chal-
lenges and opportunities. Pac Econ Bull. 24: 24—-42.

World Food Programme. Comoros: Comprehensive food security and vulnerability analysis (CFSVA).
Rome: United Nations World Food Programme; 2006 p. 62.

Liberia | Food Security Portal [Internet]. [cited 10 Nov 2016]. Available: http://www.foodsecurityportal.
org/liberia

Conteh FY. Government of Republic of Seychelles National Food and Nutrition Security Multi Sector
Implemenation Plan. Mahe, Seychelles: FAO; 2015 p. 103.

McClanahan TR, Cinner JE, Maina J, Graham NAJ, Daw TM, Stead SM, et al. Conservation action in
a changing climate. Conserv Lett. 2008; 1: 53-59.

Rice JC, Garcia SM. Fisheries, food security, climate change, and biodiversity: characteristics of the
sector and perspectives on emerging issues. ICES J Mar Sci J Cons. 2011; 68: 1343—-1353.

Cinner JE, Bodin O. Livelihood diversification in tropical coastal communities: a network-based
approach to analyzing “livelihood landscapes.” PloS One. 2010; 5: e11999. doi: 10.1371/journal.pone.
0011999 PMID: 20711442

Brashares JS, Arcese P, Sam MK, Coppolillo PB, Sinclair AR, Balmford A. Bushmeat hunting, wildlife
declines, and fish supply in West Africa. Science. 2004; 306: 1180—1183. doi: 10.1126/science.
1102425 PMID: 15539602

Belhabib D, Hellebrandt D, Allison EH, Pauly D. Equatorial Guinea: a catch reconstruction (1950—
2010). Fisheries Centre Working Paper Series #2015—71. Vancouver, Canada: University of British
Columbia; 2015.

FAO. Climate change and food security in Pacific island countries. [Internet]. Rome: FAO; 2008.
Available: http://www.fao.org/docrep/011/i0530e/i0530e00.HTM

Sasson A. Food security for Africa: an urgent global challenge. Agric Food Secur. 2012; 1: 2.

PLOS ONE | DOI:10.1371/journal.pone.0168529 December 29, 2016 26/27


http://dx.doi.org/10.1371/journal.pone.0031460
http://www.ncbi.nlm.nih.gov/pubmed/22348090
http://www.fao.org/fishery/countrysector/naso_sierraleone/en
https://www.wfp.org/content/sri-lanka-consolidated-livelihood-exercise-analysing-resilience
https://www.wfp.org/content/sri-lanka-consolidated-livelihood-exercise-analysing-resilience
ftp://ftp.fao.org/FI/DOCUMENT/fcp/en/FI_CP_TZ.pdf
http://www.fao.org/fishery/facp/TGO/fr
http://www.fao.org/fishery/countrysector/naso_yemen/en
http://www.fews.net/sites/default/files/ye_zonedescriptions_en.pdf
http://www.fews.net/sites/default/files/ye_zonedescriptions_en.pdf
http://dx.doi.org/10.1371/journal.pone.0065397
http://www.ncbi.nlm.nih.gov/pubmed/23840327
http://foodsecurityindex.eiu.com/
http://foodsecurityindex.eiu.com/
http://www.foodsecurityportal.org/liberia
http://www.foodsecurityportal.org/liberia
http://dx.doi.org/10.1371/journal.pone.0011999
http://dx.doi.org/10.1371/journal.pone.0011999
http://www.ncbi.nlm.nih.gov/pubmed/20711442
http://dx.doi.org/10.1126/science.1102425
http://dx.doi.org/10.1126/science.1102425
http://www.ncbi.nlm.nih.gov/pubmed/15539602
http://www.fao.org/docrep/011/i0530e/i0530e00.HTM

o ®
@ ’ PLOS | ONE High Seas Closure and Food Security

144. Boko M, Niang I, Nyong A, Vogel C, Githeko A, Medany M, et al. Africa. Climate change 2007:
Impacts, adaptation and vulnerability. Contribution of Working Group Il to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change. In: Parry M, Canziani O, Palutikof J, van
der Linden P, Hanson C, editors. Cambridge: Cambridge University Press; 2007. pp. 433—467.

145. Allison EH, Ratner BD, \AAsg\a ard B, Willmann R, Pomeroy R, Kurien J. Rights-based fisheries gov-
ernance: from fishing rights to human rights. Fish Fish. 2012; 13: 14-29.

146. Belhabib D, Pauly D. Cote d’lvoire: fisheries catch reconstruction 1950-2010. Fisheries Centre Work-
ing Paper Series #2015-66. Vancouver, Canada: Univeristy of British Columbia; 2015.

PLOS ONE | DOI:10.1371/journal.pone.0168529 December 29, 2016 27/27



